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1   Summary 
1.1  Deutsche Zusammenfassung  
Medikamente wie Angiotensin-Converting-Enzym (ACE) Hemmer und Mineralocorticoid-Rezeptor-
Antagonisten (MRA) sind bedeutsam für die Verhinderung kardialer Ereignisse wie Tod oder 
Hospitalization bei Patienten mit kardiovaskulären Erkrankungen wie arterielle Hypertonie, koronare 
Herzkrankheit und Herzinsuffizienz. Daten aus zahlreichen Registern zeigen, dass Patienten mit diesen 
Substanzen erheblich untertherapiert und unterdosiert behandelt werden. Das liegt unter anderem darin, 
dass diese Arzneimittel abgesetzt werden, wenn unerwünschten Nebenwirkungen (UN) wie Husten bei 
ACE-Hemmern oder Hyperkaliämie bei MRA auftreten. Häufig geschieht dies aus Angst von 
schwerwiegenden Wechselwirkungen wie Hyperkaliämie. Bei einer beträchtlichen Zahl von Patienten 
traten die Husten und Hyperkaliämie in kontrollierten klinischen Studien zu diesen Medikamenten auch 
unter Placebo auf. Wir haben uns die Frage gestellt, ob die Nebenwirkungsrate bei ACE-Hemmern und 
Hyperkaliämie bei MRA als spezifische Ursachen überschätzt sind, da diesen UN mit Placebo ebenfalls 
vorkommen. Das ist von besonderer klinischer Bedeutung, da die Nicht-Therapie oder das Absetzen der 
ACE-Hemmer und/oder MRA insbesondere bei Patienten mit Herzinsuffizienz mit einer schlechteren 
Prognose assoziert ist und die eigentliche Ursache von Husten und Hyperkaliämie häufig nicht abgeklärt 
werden. 
Wir schlossen alle geeigneten randomisierten, placebokontrollierten Studien mit ACE-Hemmern und 
MRA bei Patienten mit kardiovaskulären Erkrankungen in eine Metaanalyse ein, bei denen Ereignisse 
von Interesse (Husten bei ACE-Hemmer und Hyperkaliämie bei MRA) adäquat berichtet wurden. Die 
Datenbank PUBMED sowie Cochrane-library wurden nach geeigneten Studien durchgesucht. Zusätzlich 
wurden alle Studien, die in den aktuellen Leitlinien der Europäischen Gesselschaft für Kardiologie für 
arterielle Hypertonie, akuten Myokardinfarkt und Herzinsuffizienz aufgenommen wurden, erfasst. 
Wir ermittelten die Placebo-adjustierte Rate für Husten bei ACE-Hemmern und Hyperkaliämie bei MRA, 
die den zuzurechnenden Anteil an Husten / Hyperkaliämie bei exponierten Personen darstellten, die 
spezifisch auf die Exposition zu bestimmten Medikamenten zurückzuführen sind. Die Placebo-adjustierte 
Rate von UN bei Medikamenten (%) wurde definiert als Differenz zwischen den Raten von UN bei 
Patienten der Medikamenten-Gruppe und Placebo-Gruppe, dividiert durch die Gesamtrate von UN der 
Medikamenten-Gruppe. Dieses Beispiel für Husten bei ACE-Hemmern erläutert das Vorgehen: Placebo-
adjustierter Husten der Medikamenten-Gruppe% = (Medikament-Gruppe Husten% - Placebo-Gruppe 




Die vorgelegte Analyse konnte zeigen, dass eine relevante Anzahl von Husten- und Hyperkaliämie-Fällen 
bei ACE-Hemmern bzw. bei MRA nicht allein durch die Wirkung dieser Medikamenten erklärt werden 
konnte, da die placebokorrigierte Rate für Husten 37% und für Hyperkaliämie 54% betrug. Dies würde in 
einem hypothetisch schlimmsten Fall zu Folge haben, dass etwa die Hälfte der Patienten mit Husten 
(63%) bei ACE-Hemmern und mit Hyperkaliämie (46%) bei MRA diese lebensverlängerde Therapie, 
nicht erhalten würden. Dies basiert auf der falschen Annahme, dass die Genese dieser UN in jedem 
einzelnen Fall ausschließlich durch die Wirkung dieser Medikamenten zu erklären sind, wodurch die 
wahren Ursache nicht diagnostiziert bleiben.  
Unsere Analyse zeigt, dass das Absetzen von diesen lebensrettenden Medikamenten vor allem bei 
Patienten mit Herzinsuffizienz nicht vorgenommen werden sollte. Die Leitlinie empfehlen, die 
kurzfristige Unterbrechung der Therapie, bevor die Ursache der Entstehung von UN eindeutig abgeklärt 
ist.  
1.2    Abstract 
Studies on the treatment with drugs like angiotensin-converting-enzyme inhibitors (ACE-Is) and 
mineralocorticoid-receptor-antagonists (MRAs) have achieved evidence for their beneficial effects on 
cardiac events in patients with cardiovascular diseases like arterial hypertension, coronary heart disease 
and heart failure. However, real-world data like those from numerous registries consistently show that 
patients are undertreated with these drugs. One of the reasons for inadequate treatment in 
recommendations are concerns of physicians regarding adverse events (AE) accompanied by the use of 
these drugs, such as cough on ACE-Is and hyperkalemia on MRAs, due to a widespread opinion that AE 
are always the causally related to these drugs. 
In a considerable number of patients enrolled in controlled clinical trials with these drugs cough and 
hyperkalemia occurred also on placebo. We addressed the question whether the “true” rates of cough on 
ACE-Is and hyperkalemia on MRAs are overestimated or other often unrecognized causes are 
underestimated, because the rate of these AE on placebo are usually not been taken into consideration. 
This is of particular clinical importance, since withholding or interruption of ACE-I and/or MRA 
application may be associated with a worse prognosis and other causes may be underdiagnosed.  
We included all eligible randomized, placebo-controlled trials with ACE-Is and MRAs in patients with 
cardiovascular disease where events of interest (cough on ACE-I and hyperkalemia on MRA) were 
adequately reported. Database PUBMED and Cochrane library were searched for eligible trials. To avoid 




current European Association of Cardiology guidelines for arterial hypertension, acute myocardial 
infarction with and without ST-segment elevation and heart failure.  
We determined placebo-adjusted rates of cough on ACE-Is and of hyperkalemia on MRAs, which present 
the attributable fraction of total cough/hyperkalemia rate in the exposed individuals that can be attributed 
specifically to the exposure. Placebo-adjusted rate of AE on drug (%) was calculated as the difference 
between the rates of AE in patients on drug and those on placebo, divided by the total rate of AE on drug. 
Example for cough on ACEIs: placebo-adjusted drug-cough = (drug-cough – placebo-cough) / drug-
cough. This analysis was based on the assumption that incidence of specific AE on placebo represents 
spontaneous rate of AE in populations with cardiovascular disease.    
According to our analysis, a relevant number of cough cases on ACE-Is and hyperkalemia cases on 
MRAs might not be caused due to the treatment with these drugs, as placebo-adjusted rate for cough was 
37% and for hyperkalemia 54%. In hypothetical worst-case scenario, which means withdrawal of ACE-I 
from all patients with cough and MRA from patients with hyperkalemia, about half of patients with cough 
(63%) on ACE-Is and with hyperkalemia (46%) on MRAs would not receive these life-saving therapies 
due the misconception that all cases of these AE are exclusively caused by these drugs. In turn, other 
causes of AE, might remain underdiagnosed.   
This study highlights the importance of a comprehensive approach in excluding other potential causes for 
cough on ACE-Is and hyperkalemia on MRAs in this population of patients before withdrawal of these 










2     Introduction 
2.1  Pathophysiology of renin-angiotensin-aldosterone-system in cardiovascular diseases 
The renin-angiotensin-aldosterone-system (RAAS) represents a specific neurohormonal cascade playing a 
pivotal role in maintaining homeostasis of the fluid and electrolytes balance as well as a role in the 
regulation of blood pressure. Low levels of sodium, decreased renal perfusion pressure (driven by 
hypovolemia and/or hypotension) and increased sympathetic activity stimulate release of renin from 
juxtaglomerular cells in the kidney (GUYTON et al., 1972). Renin represents the proteinase, which 
cleaves angiotensin I from angiotensinogen, predominantly synthesized in the liver. Further fragmentation 
of angiotensin I (decapeptide) into angiotensin II (octapeptide) occurs in the lung, the kidneys, the vessels 
and in the heart by angiotensin-converting-enzyme (ACE), which is bound to the endoluminal side of the 
endothelial cells (NAVAR, 2014).  
Angiotensin II increases sodium and maintains blood pressure by acting on AT1 receptors. It induces 
secretion of aldosterone from the adrenal gland, causes constriction, stimulates sympathetic activity and 
tubular sodium reabsorption.  
According to pre-clinical data aldosterone promotes up-regulation of angiotensin II receptors and its 
activation, thus, creating a vicious cycle between these two hormones, which can be antagonized with the 
administration of MRA spironolactone (ULLIAN et al., 1992). Further, maladaptive effects by 
angiotensin II such as cardiac fibrosis, inflammation and oxidative stress could be diminished by 
administration of spironolactone, thereby pointing to mutual maladaptive role of angiotensin II and 
aldosterone (ZHAO et al., 2006).  
The two main secretagogues for aldosterone are angiotensin II and hyperkalemia (GUYTON et al., 1972; 
STRUTHERS, 2004). Beside these two stimuli, adrenocorticotropic hormone (ACTH) stimulates 
production of aldosterone (BROWN, 2003). It is produced by the zona glomerulosa of the adrenal gland. 
In addition to this and according to evidence from experimental studies aldosterone is also produced 
locally by endothelial cells and vascular smooth muscle cells (HATAKEYAMA et al., 1994; TAKEDA et 
al., 1996) in tissues such as blood vessels (TAKEDA et al., 1995), brain (GOMEZ-SANCHEZ et al., 
1997) and myocardium (MIZUNO et al., 2001; SILVESTRE et al., 1998; YOUNG et al., 2001). Stimuli 
for synthesis of locally generated aldosterone seem to be the same as those at adrenal gland (SILVESTRE 
et al., 1998). The phenomenon called “aldosterone escape” describes the rise of aldosterone after initial 




decrease the levels of this hormone by preventing the generation of angiotensin-II. “Aldosterone escape” 
has been documented in patients with arterial hypertension (SATO, SARUTA, 2001), after myocardial 
infarction (BORGHI et al., 1993) and with heart failure (MACFADYEN et al., 1999) on the long-term 
treatment when alternative pathways (e.g. hyperkalemia) can activate the chronically inhibited and go to 
same pathway.  
Aldosterone exhibit pleiotropic mechanisms of action, such as fibrosis, but the best known and 





 pump in the epithelial cells of distal tubules and collecting ducts of the kidney 
nephron. Binding of aldosterone to intracellular mineralocorticoid receptors (MR) generates cascades of 




 pump, whereby sodium is actively reabsorbed 
and potassium excreted from and into the tubular fluids, respectively (ARRIZA et al., 1987; 
BHARGAVA et al., 2001; FEJES-TOTH et al., 1998). As sodium is osmotically active, its reabsorption is 
followed by passive reabsorption of water, indicating the main mechanism by which aldosterone 
indirectly regulates blood volume and blood pressure.  
It is well documented in experimental and clinical studies that aldosterone exerts many adverse 
pathophysiological effects on cardiovascular system beyond its role in homeostasis of the fluid and 
electrolytes, regardless of effects of angiotensin II (STRUTHERS, 2004). Aldosterone has been linked 
with endothelial dysfunction (STRUTHERS, 2004), myocardial fibrosis/remodelling (BAUERSACHS, 
FRACCAROLLO, 2011; MACFADYEN et al., 1997; ZANNAD et al., 2000), inflammation/injury of 
myocardial, cerebral and renal tissue (ROCHA, STIER, 2001) and arterial hypertension (LIM et al., 
1999). Cardiac remodelling is mediated through cardiomyocyte-specific MR, as its inactivation 
ameliorates adverse heart remodelling into HF after ischemia or pressure overload (FRACCAROLLO et 
al., 2011; LOTHER et al., 2011). Myocardial toxicity of aldosterone is best supported by the facts: i) MR 
are founded in the heart (LOMBES et al., 1995), ii) higher aldosterone levels are linked with poor cardiac 
outcome (SWEDBERG et al., 1990), iii) antagonism of MR had beneficial effects on survival in patients 
with chronic heart failure (CHF) (PITT et al., 1999) and those after myocardial infarction with reduced 
ejection fraction (EF <40%) (PITT et al., 2003).  
2.2 Mechanism of action and clinical evidence for use of ACE-I in treatment of 
cardiovascular diseases: current status  
ACE-I blocks conversion of angiotensin I into angiotensin II, thus decreasing levels of angiotensin II and 




blocks kininase II responsible for degradation of bradykinin (as well as other biologic peptides such as 
substance P), thus leading to accumulation of bradykinin, which through stimulation of B2 receptors 
induce synthesis of nitric oxide and arachidonic acid derivates (vasoactive prostaglandins) (LINZ et al., 
1995).  There is evidence that ACE-Is cause vascular effects that could be partially explained through 
effect of accumulation of bradykinin (HORNIG et al., 1997).  
The mechanism of action of all ACE-Is is the same rather than binding affinity to the tissue ACE and 
pharmacokinetic characteristics of the individual substance, which may be responsible for different tissue 
concentration of ACE-Is and its clinical effect. There is evidence suggesting that suppression of ACE in 
different tissues is more relevant than suppression of plasma ACE on the long term (DZAU et al., 2001).  
ACE-Is reduce peripheral vascular resistance inducing venous and arterial vasodilation, which combined 
with enhanced natriuresis results in lowering of blood pressure without any relevant impact on the heart 
rate (BROWN, VAUGHAN, 1998). Further, administration of ACE-I improves endothelial dysfunction 
in patients with arterial hypertension (TADDEI et al., 1998), coronary artery disease (HORNIG et al., 
2001) and those with heart failure (HORNIG et al., 1998), exhibit antiproliferative effects thereby 
reducing ventricular remodelling (KLINGBEIL et al., 2003; PAUL, GANTEN, 1992). ACE-Is adjust 
fibrinolytic homeostasis regulating synthesis of plasminogen activator and opposing platelet aggregation 
(VAUGHAN, 1997).  
Based on the large body of evidence concerning effectiveness of ACE-Is in BP reduction, this class of 
drugs has been recommended by the guidelines of European Society of Cardiology as initial therapy alone 
or in combination with other antihypertensive drugs in patients with arterial hypertension 
(recommendation class I, level of evidence A) (WILLIAMS et al., 2018). Of note, every 10 mmHg 
reduction in SBP significantly reduced risk of stroke, CAD, HF and mortality, irrespective of baseline BP 
values (ETTEHAD et al., 2016). Therapy with ACE-I in patients with stable CAD in absence of LV 
systolic dysfunction decreased risk of non-fatal myocardial infarction, stroke, all-cause mortality and 
onset of HF (DAGENAIS et al., 2006), which, therefore, should be considered in these patients (class IIa, 
level of evidence A) (PONIKOWSKI et al., 2016). Early treatment with ACE-I in hemodynamic stable 
patients suffering STEMI with evidence of HF (AIRE study) (AIRE-INVESTIGATORS, 1993) or LV 
systolic dysfunction EF ≤40% (SAVE study) (PFEFFER et al., 1992) reduces all-cause mortality and is, 
therefore, strongly recommended in the current guidelines (class I, level of evidence A) (IBANEZ et al., 
2018). In absence of contraindications, ACE-Is are recommended in all patients after STEMI (class IIa, 
level of evidence A) (IBANEZ et al., 2018). In patients with NSTEMI associated with left ventricular EF 




of evidence A) (ROFFI et al., 2016) unless not contraindicated in order to reduce risk of heart failure 
onset, re-hospitalization and mortality. Use of ACE-Is in patients with HFrEF reduced risk of HF 
hospitalization and death as demonstrated in SOLVD (YUSUF et al., 1991) and CONSENSUS study 
(CONSENSUS-GROUP, 1987). Therefore, their use is strongly recommended in these patients according 
to the current HF guidelines (class I, level of evidence A) (PONIKOWSKI et al., 2016).  
2.3 Mechanism of action and clinical evidence for the use of MRAs in the treatment of 
cardiovascular diseases: current status 
MRAs exert their effects by competitively blocking the intracellular MR, thereby preventing aldosterone 
to act. Currently, there are two MRAs widely used in a clinical praxis, spironolactone as a first generation 
and eplerenone as a second generation of this class of drugs. The MRA of a third generation, finerenone 
represent a substance used in clinical trials only (FILIPPATOS et al., 2016; PITT et al., 2013). While 
eplerenone is available only as oral drug, spironolactone can be administered orally and intravenously. 
Although all three agents basically have the same mechanism of action there are some major differencies 
regarding structure and pharmacokinetics, reflected by various levels of clinically beneficial and adverse 
effects.  
Spironolactone represents a non-selective MRA that has a similar structure as progesterone. Owing to 
this, it shows affinity for androgen and progesteron receptors producing unwanted side effects such as 
gynecomastia in men and menstrual irregularities in women. Conversely, eplerenone is a more selective 
MRA that shows 100-1000-fold lower affinity compared with spironolactone for androgen and 
progesterone receptors. Consequently, use of eplerenone is usually not associated with these sexual side 
effects (STRUTHERS, UNGER, 2011). Spironolactone as a pro-drug exerts its effect after conversion 
into several active metabolites with long half-lives (from 13.8 up to 16.5 h) (STRUTHERS, UNGER, 
2011) as opposed to eplerenone which has shorter half-life (4-6 h) and no active metabolites (SICA, 
2005). Furthermore, spironolactone has 20-fold higher in vitro affinity for MR than eplerenone 
(MULDOWNEY et al., 2009). According to one trial where both drugs were directly compared regarding 
their effects on BP and safety profiles in patients with primary aldosteronism, spironolactone expressed 
more pronounced reduction of BP and higher rate of adverse events than eplerenone 
(PARTHASARATHY et al., 2011). This finding support the inofficial view among some clinicans that 
eplerenone exhibit lower potency than spironolactone concerning inhibition of aldosterone effects, driven 
by the aforementioned features of both agents. Of note, shorter half-life of eplerenone versus 




However, to the best of our knowledge there are no reported data from clinical or observational trials 
concerning period of time until resolution of hyperkalemia after stopping the MRAs. The lack of data 
regarding this issue is probably caused by a need for the urgent administration of different potassium 
lowering agents, instead of discontinuation of the MRA treatment only and waiting for spontaneous 
hyperkalemia resolution.  
Spironolactone is recommended as add-on therapy in patients with resistant hypertension (Class I, Level 
B) (WILLIAMS et al., 2018) according to the results from PATHWAY-2 trial (WILLIAMS et al., 2015). 
Nevertheless, one systematic analysis showed that eplerenone is effective as BP lowering agent, which 
could be a treatment option in patients with mildly to moderately elevated BP (PELLICCIA et al., 2014). 
Administration of MRA is strongly recommended in patients following myocardial infarction and 
EF≤40% with heart failure (Class I, Level B) (IBANEZ et al., 2018) based on results from EPHESUS 
trial (PITT et al., 2003). However, individual patient-level meta-analysis showed reduced mortality with 
treatment of spironolactone and eplerenone in patients with ST-elevation myocardial infarction in absence 
of heart failure (BEYGUI et al., 2018). MRAs are strongly recommended (Class I, Level A) 
(PONIKOWSKI et al., 2016)  in patients with HF and reduced ejection fraction (HFrEF), who remain 
symptomatic despite treatment with beta-blockers and ACE-Is/ARBs in order to reduce the risk of 
mortality and HF hospitalization, based on results from RALES (PITT et al., 1999) and EMPHASIS-HF 
trial (ZANNAD et al., 2011). It has been shown that MRAs have no pronounced effect, on systolic and 
diastolic BP reduction in HF patients, suggesting its use according to the guidelines regardless of baseline 
BP values (BAZOUKIS et al., 2018). Recently published individual patient-level meta-analysis showed 
that the use of MRA is associated with reduction of sudden cardiac death in HFrEF patients (ROSSELLO 
et al., 2018).    
2.4 Cough on angiotensin-converting-enzyme inhibitors and hyperkalemia on 
mineralocorticoid receptor antagonists as the leading reasons for withdrawal of the 
treatment  
Although it has been well documented that ACE-Is and MRAs represent life-saving drugs in patients with 
CVD recommended by many guidelines, their utilization among eligible patients is not sufficient (CHIN 
et al., 2016; DEV et al., 2015). Some of the main reasons for this are the side effects (SE) associated with 
the use of these classes of drugs. Dry cough has been identified as one of the most frequently reported SE 
and the main reason for withdrawal of ACE-Is (BART et al., 1999), while hyperkalemia as a potential 




Cough      
Incident cough on ACE-Is varies from 3.6% (BART et al., 1999) to 37% (DICPINIGAITIS, 2006; 
YUSUF et al., 1991), reflecting a huge variation in reported incidence, which could be explained by 
different definitions used (adverse effects vs. reason for withdrawal), the patient cohort studied (arterial 
hypertension vs. heart failure, clinical trials vs. registries) or the way of evaluation (systematic queries or 
self-reported). It represents a class effect common for all ACE-Is, which is not dose-related (OMBONI, 
BORGHI, 2011). Cough on ACE-I is usually described as dry, non-productive and persistent, usually 
followed with tickling sensations in the throat. Although its considered as an benign side effect it could in 
severe cases be pretty annoying, worse sleep and cause vomiting and hoarseness (OMBONI, BORGHI, 
2011), thus, impacting negatively the quality of life in affected patients. Furthermore, its occurrence 
might lead to unneeded, expensive and misleading diagnostic examinations, which could further 
potentiate patients’ discomfort.  
The occurrence of ACE-I associated cough usually takes place after several weeks or in rare occasions 
months after initial drug administration (DICPINIGAITIS, 2006). Coughing completely disappears after a 
couple of days or weeks after cessation and mostly reoccurs with reintroduction of the drug, thus, 
ascertaining whether the ACE-I is causally related to cough (ISRAILI, HALL, 1992).  
The pathomechanisms of the ACE-I induced cough are not entirely resolved, but the main hypothesis 
labels the accumulation of bradykinin and substance P, which degradation is inhibited by ACE-Is (Figure 
1) (ISRAILI, HALL, 1992). Both substances could stimulate afferent vagal nerve fibers causing cough 
(OMBONI, BORGHI, 2011). Further, bradykinin facilitates production of arachidonic acid derivates and 
nitric oxide, which can promote cough driven by proinflammatory mechanisms (TRIFILIEFF et al., 
1993). There is evidence suggesting that ACE-I might intensify the cough reflex itself, thereby facilitating 
the onset of cough due to some other cause (MORICE et al., 1989). Still, some but not all patients 
develop cough on ACE-I indicating some kind of predisposition in affected individuals to develope cough 
on ACE-I, like bradykinin receptor gene polymorphism (MUKAE et al., 2000) or decreased activity of 
aminopeptidase-P (NIKPOOR et al., 2005), an enzyme important for degradation of bradykinin. Cough is 
more frequent among women (COULTER, EDWARDS, 1987; VISSER et al., 1995), patients of Asiatic 












) represents the most important intracellular electrolyte, which is essential for cellular and 
electrical activity. The 90% of whole body content of K
+
 is located intracellularly, 8% in bones and 
cartilages and only about 2% in extracellular fluids (COHN et al., 2000). Theirs extra-/intracellular cation 
ratio of 1:10 causes a steep K
+ 
concentration gradient between the intracellular and the extracellular space, 
which is essential for cellular membrane potentials and transmission of the electrical impulses in the 
cardiovascular and central nervous system. K
+ 
values between 3.5 mmol/l – 5 mmol/l has been defined as 
normal values (COHN et al., 2000). Albeit 2% of whole body K
+ 
is located in the extracellular fluid, its 
concentration is precisely maintained in a narrow range through K
+
 shift, renal excretion and intestinal 
secretion. Therefore, changes in K
+ 
concentration may provoke and aggravate abnormalities in cardiac 
conduction system, which can lead to life-threating arrhythmias, thereby increasing mortality. This 
applies for K
+
 disturbances in both directions such as hypo- and hyperkalemia, revealing a nonlinear U-
shaped association between level of K
+
 and mortality in patients with CVD (ALDAHL et al., 2017; 
KROGAGER et al., 2017; NUNEZ et al., 2018).  
ACE inhibition 
Bradykinin↑ Substance P↑ 
↑ prostaglandins E2 and I2 
↑ leukotrienes 
↑ histamine 
↑ nitric oxide 











Hyperkalemia can be further classified into mild (K
+
 of 5-5.5 mmol/l), moderate (K
+
 of 5.5-6 mmol/l) and 
serious (K
+
>6 mmol/l), thereby graduating the level of potential danger for affected individuals. It has 
been marked as one of the major co-morbidities in patients with HF stressing the importance of better 
understanding and management of hyperkalemia, the condition which should contribute to better 
outcomes of patients with HF. MRAs as a part of the cornerstone therapies for patients with HFrEF 
express certain dichotomy. While on the one hand they unequivocally improve outcomes of these patients 
and on the other hand they are identified as a one of the major culprits for increased risk of hyperkalemia 
in this cohort of patients (PONIKOWSKI et al., 2016). Since the physiological function of 
mineralocorticoid receptor in the kidney is to excrete potassium and to retain sodium maintaining the 
fluid and electrolyte balance, MRA treatment is physiologically associated with the risk of hyperkalemia. 
Development of hyperkalemia often results in discontinuation or down-titration of protective and life-
saving treatments with RAAS-inhibitors (RAASi) and MRAs among eligible patients, which is in both 
cases associated with higher mortality (KOMAJDA et al., 2016; MAGGIONI et al., 2013; 
OUWERKERK et al., 2017). Data from registries demonstrate a strong underuse of the life-saving 
therapy with MRA, applied at 9-55% among eligible patients (HIRT et al., 2016; RASSI et al., 2013). 
Chronic kidney disease (CKD) and diabetes mellitus (DM) as highly prevalent comorbidities in patients 
with CVD represent itself risk factors for hyperkalemia and factors which concomitant presence facilitate 
the occurrence of this SE on MRAs, given on top of RAASi (PITT et al., 2008; ROSSIGNOL et al., 2014; 
VARDENY et al., 2014). Pathophysiology of hyperkalemia on MRA in patients with CVD represents a 
complex interplay of many factors (Figure 2). Its prevalence on MRAs varies from 3-18% in randomized 
trials (PITT et al., 2003; PITT et al., 1999) to 21% according to one survey from patients with HF 









Figure 2. Pathomechanism of hyperkalemia on MRA in patients with CVD 
Development of hyperkalemia in patients on MRAs with HF results from complex interactions, visualized 
using blue (positive effect) and red arrows (negative effect). Diabetes mellitus and chronic kidney disease 
as two prevalent comorbidities in HF-patients represent at the same time risk factors for both, HF and 
hyperkalemia. In turn, HF aggravates renal function and is itself risk factor for hyperkalemia. Many drugs 
may impair renal function (depicted at the left side), the most important organ for potassium homeostasis, 
thus, facilitating occurrence of hyperkalemia. Treatment with MRAs and RAASi in patients with CKD 
and HF is associated with better outcome, but these groups of drugs are recognized as the leading risk 
factors for hyperkalemia. Patiromer and sodium zirconium cyclosilicate are the new potassium-binders 










2.5 Aim of the analysis 
An attributable exposure risk (also called attributable fraction) represents the proportion of the 
disease/side effects in the exposed group which can be attributed to the exposure/exposed factor 
(ROCKHILL et al., 1998). With other words, it is the proportion of the disease/side effect which could be 
prevented with elimination of the potential cause. Using this measure of association it can be easily 
computed to what extent some drug is responsible for a specific side effect, knowing the incidence of side 
effects in a comparable group of patients without exposure to the investigated drug (i.e. placebo group). It 
is calculated by taking the risk difference between exposed (i.e. investigated) and non-exposed (i.e. 
placebo) group, dividing it by the incidence in the exposed group, and then multiplying it by 100 to 
convert it into a percentage.  
As the aforementioned side effects, such as cough on ACE-I and hyperkalemia on MRA occur in 
considerable number of patients on placebo in placebo-controlled clinical trials, we aimed to explore the 
attributable proportion for these side effects by including all randomized, placebo-controlled clinical trials 
with ACE-Is and MRAs in patients with CVD. We named the attributable proportion as “placebo-
adjusted rate”, which was our primary endpoint.  
As our secondary endpoint we aimed to explore the overall risk and incidence of cough on ACE-Is and 











3 Methods  
3.1    Study protocol 
This analysis has been done according to a predefined protocol. We included all randomized, placebo-
controlled clinical trials with ACE-Is and MRAs which reported cough on ACE-I and hyperkalemia on 
MRA in patients with arterial hypertension, coronary heart disease and heart failure. All trials had to have 
a minimum of 100 individuals and a follow-up of at least 4 weeks. Further, only trials with approved 
spironolactone and eplerenone from MRAs were considered for inclusion. Exclusion criteria were articles 
that analyzed effects of ACE-I/MRA in cohort of patients with other underlying conditions like diabetes, 
nephropathy, retinopathy, cerebrovascular disease, metabolic syndrome and others. Studies where effects 
of ACE-Is were evaluated as combined drug composed from two or more active substances vs. placebo 
were also excluded. We evaluated only published peer-reviewed articles for inclusion.  
Reporting and conducting of this meta-analysis has been carried out in accordance with the PRISMA 
(MOHER et al., 2009) statement for meta-analysis and with the scientific statement from the American 
Heart Association (RAO et al., 2017). 
3.2    Literature search and selection strategy 
We searched PubMed, Cochrane library databases for eligible articles published until January 2017. For 
purpose of the search for articles with ACEIs and MRAs the following terms were used: i) “angiotensin 
converting enzyme inhibitor”, “cough”, “ACE-I related cough”, “ACE-I”, in combination with “placebo-
controlled” for ACE-I and ii) “aldosterone receptor antagonist” and/or “mineralocorticoid receptor 
antagonist”, “MRA”, “spironolactone” and/or “eplerenone”, “hyperkalemia” in combination with 
“placebo-controlled” for MRA. Additionally, we marked filter “clinical trial” in PubMed and “trials” in 
Cochrane library database. In order to avoid any relevant study being missed, we reviewed the potential 
studies cited in the current European Society of Cardiology guidelines for arterial hypertension 
(WILLIAMS et al., 2018), myocardial infarction with and without ST-segment elevation (IBANEZ et al., 
2018; ROFFI et al., 2016)  and heart failure (PONIKOWSKI et al., 2016).  
We performed an additional search for clinical registries reporting hyperkalemia on MRAs, which will be 
used within a sensitivity analysis. PubMed and Cochrane library were searched using the terms 
“aldosterone receptor antagonist” and/or “hyperkalemia” and/or “register” and/or “survey” and 




The search results were screened for relevance according to their title and abstract. In case the content of 
the abstract corresponded to the inclusion criteria, the full-text review followed. The inclusion of each 
study in the analysis was based on a consensus between D.V. and M.B. 
3.3    Data extraction and assessment of study quality  
After inclusion the following items were extracted from each study: events of interest (cough for studies 
with ACE-Is and hyper- and hypokalemia for studies with MRAs), characteristics of the investigated 
population (arterial hypertension, myocardial infarction, heart failure, NYHA functional class, ejection 
fraction, age, study size), used substance, average time of follow-up and clinical outcome. Quality of each 
included study was assessed using Jadad score (JADAD et al., 1996), which accounts for randomization 
(no randomization 0, randomization 1, data concerning adequate randomization reported 2 points), 
blinding (no blinding 0, blinding 1, data about appropriate blinding present 2 points) and lost to follow-up 
(no data present 0, data present 1 point). A score ≥3 is considered as a high level of quality and ≤2 as low 
level of quality. Jadad score proved to be reliable with low interobserver variability and is therefore 
recommended from AHA (OLIVO et al., 2008; RAO et al., 2017). Moreover, we evaluated whether some 
trial have been discontinued earlier for benefit.  
3.4    Statistical analysis  
We performed a study-level meta-analysis of the summary statistics from the individual trials that 
explored the effect of investigated treatment with ACE-I and MRA compared with placebo. Differences 
in the occurrence of events of interest (cough on ACE-I and hyper- and hypokalemia on MRA) among 
groups were computed and presented as risk ratios (RR) together with corresponding 95% confidence 
intervals (CI) for each trial. All results were based on intention-to-treat analysis. We used RR as a 
measure of the relative risk. The results from each trial were pooled using fixed (Mantel-Haenszel, 
Rothman-Boice)- or random-effects (DerSimonian-Laird) model, as appropriate. Heterogeneity between 
the trials was evaluated by applying Cochran’s Q test and I
2
 statistic. Relevant statistical heterogeneity 
was present if Cochran’s Q test p<0.05 and I
2
 >50%. In this case, we used random-effects model to pool 
the data.  
To adjust a different length of follow-up between the trials, we calculated the incidence rate ratio (IRR) 
for cough and hyperkalemia. Trials were standardized by multiplying the number of patients in each trial 
(investigated group and placebo group) with the number of months of follow-up, determining person-




sensitivity analyses, such as exploring the effect of different underlying diseases (arterial hypertension, 
coronary heart disease, heart failure) or different cough definition (defined as adverse effect or reason for 
withdrawal/discontinuation) on final results, by determining the p for interaction between appropriate 
subgroups (ALTMAN, BLAND, 2003). Further, we assessed if and to what extent the hyperkalemia on 
MRAs from noninterventional studies correlates with the results obtained from clinical trials, by 
estimating the RR from combined data, that is, by adding the data from registries to data from clinical 
trials.  
A potential presence of publication bias was assessed visually by looking for the presence of asymmetry 
in obtained Funnel plot and formally using the Egger’s regression asymmetry test.  
All statistical analyses were performed by applying the statistical program StatsDirect version 3.0.150 
(Cheshire, UK) and RevMan 5.3. All P values were 2-sided, with p<0.05 considered as significant.  
3.5    Placebo-adjusted rate of cough on ACE-Is and hyperkalemia on MRAs 
Attributable proportion of total cough on ACE-Is and hyperkalemia on MRAs that can be attributed 
specifically to the exposure of investigated treatment, taking thereby into account all cases with 
spontaneous cough or hyperkalemia as in placebo group, we called “placebo-adjusted rate”. For example, 
the placebo-adjusted rate of cough on ACE-Is was determined as the difference between the rates of 
cough in patients on ACE-Is and those on placebo, divided by the total rate of cough on ACE-Is, as 
demonstrated in the equation: Placebo-adjusted ACE-I cough = (ACE-I cough – Placebo cough)/ACE-I 
cough. The same equation refers for placebo-adjusted rate of hyperkalemia on MRA. This analysis is 
based on the assumption that incidence of cough or hyperkalemia on placebo corresponds to the rates of 









4.1    Cough on ACE-Is 
Initial search identified 4,210 potentially eligible trials. After reviewing the titles and abstracts manually, 
4,078 trials were excluded. The main reasons for exclusion were that ACE-I was not the objective or 
primary objective of investigation, absence of randomization and/or control/placebo-group or small 
number of analyzed patients. The remaining 132 trials were full-text reviewed, of which 110 did not meet 
the predefined inclusion criteria (patients with nephropathy, data about cough not adequately reported, 
ACE-Is used in combination with other drugs vs. placebo, absence of placebo group). 22 studies met the 
criteria for inclusion: (BLACK et al., 1997; BORGHI et al., 1998; BRAUNWALD et al., 2004; 
CUSHMAN et al., 1998; FERRARI, 2006; FOX, 2003; KOBER et al., 1995; LÜDERS et al., 2008; 
MERCATOR, 1992; NISSEN et al., 2004; OMBONI, BORGHI, 2011; PFEFFER et al., 1992; PITT et 
al., 2001; PROGRESS, 2001; ROULEAU et al., 2008; RUGGENENTI et al., 2004; RUILOPE et al., 
2004; SWEDBERG et al., 1992; YUSUF et al., 1991, 1992; YUSUF et al., 2000).  
The study selection process is depicted in the flow diagram (Figure 3). The final analysis included 65,054 
patients from 22 randomized, placebo-controlled trials. A total of 32,586 patients were on ACE-Is and 
32,468 on placebo. Baseline data of the studies are visualized in Table 1. There were 6 studies where 
arterial hypertension was the underlying disease (n=8,636), 12 with coronary disease (n=45,641) and 4 
with HF (n=10,777). All studies were judged as high-quality studies (Table 1). None of the studies were 
stopped earlier for benefit. Asymmetric left-right distribution of plots in funnel plot and results of Egger’s 
regression asymmetry test (Egger statistic = 2.29, p=0.0083) indicates presence of publication bias 
















Figure 3. PRISMA flow diagram of the studies, showing study selection process for studies with 















































Records identified through 
PUBMED (n=2754) and Cochrane 
library searching (n=1456)  
 
 
n = 511  
Full-text articles assessed 
for eligibility (n=132) 
Records excluded (n=4078) 
 
Studies included in quantitative synthesis 
(meta-analysis) (n=22) 
- arterial hypertension     (n=6;     8,636 pat.) 
- coronary heart disease (n=12;  45,641 pat.) 
- heart failure                   (n=4;    10,777 pat.) 
Exclusion (n=110), due to 
- patients with nephropathy (n=5) 
- patients without cardiovascular diseases (n=2) 
- ACE-I in combination with other drugs vs. placebo 
(n=3) 
- cough not reported (n=9) 
- no placebo controlled trials (n=91) 
   
 

























Patients with  CVI/TIA 
within 5y 
/ 20 / 20 6,105 Fatal or non-fatal CVI 5 48 
BENEDICT Trandolapril 
Hypertension and 
diabetes type 2 





High normal BP or 
isolated syst. 
hypertension + diabetes 
type 2 
/ / 258 SBP <135 and DBP <85 4 4 
PHARAO Ramipril 
High normal BP, 50-
85y 




Black et al Lisinopril Hypertension, 21-80y / / 370 
Comparing treatments 
regimen Valsartan vs. 
Lisinopril 
5 3 







Stable angina pectoris, 
30-79y 
>40% 24.8 / 27.9 1,328 
CV Events under 
Amlodipin or Enalapril 
5 20 
HOPE Ramipril CAD, CVI, PAD, >55y >40% 13.9 / 14.5 9,541 
Composite of MI, CVI 
and death 
5 60 
PEACE Trandolapril Stable CAD, >50y >40% 14 / 15 8,290 
CV death or non-fatal 
MI 
5 57.6 
QUIET Quinapril Stable CAD, 18-75y >40% 21 / 23 1,750 CV Events 5 27 
MERCATOR Cilazapril Stable CAD, <75y / 14 / 20 693 
Efficacy of Cilazapril in 
reducing of restenosis 
4 6 
EUROPA Perindopril Post-MI patients, >18y / / 12,218 
Composite of  CV death, 





>40% 19 / 19 1,252 
Composite of death and 









Table 1 continued 
CVI- cerebrovascular insult; TIA - transitory ischemic attack; BP - blood pressure; SBP, DBP- systolic, diastolic blood pressure; CV - cardiovascular; MI - myocardial infarction; 
CD - coronary disease; PAD- peripheral artery disease; HF- heart failure; ACB - aorto-coronary bypass; LV- left ventricle; *- current smokers at baseline, **- current and previous 
smoker reported together. 








Patients after ACB, 
>18y 
>40% 20 / 20 2,553 CV Events 5 36 






56 / 48.2 285 
Efficacy and safety of 






dysfunction after MI, 
>18y, NYHA I-40% 
≤35% 
    73 / 
75** 
1,749 Mortality 5 24-50 
SAVE Captopril 
Patients with LV-
dysfunction after MI, 
21– 80y 
≤ 40% 53 / 53 2,231 Mortality 5 42 
SOLVD Enalapril 
































Cough occurred in 4,410/32,586 (13.5%) patients on ACE-Is and in 2,769/32,468 (8.5%) on placebo 
(p<0.0001) (Figure 5). RR for cough in patients on ACE-Is was 2.19 (95% CI: 1.78-2.70, p<0.0001) vs. 
placebo (Figure 5). Estimated RR was determined using the random-effects (Der-Simonian-Laird) model 
since there were signs of relevant statistical heterogeneity (Cochran Q p<0.0001, I
2
=91.2%) regarding risk 
of cough among analyzed studies. The pooled incidence rate ratio (IRR) was 2.18 (95% CI: 1.75-2.73, 




Figure 5. Forest plot demonstrating the RR for cough with corresponding 95% CI. The size of 
the square represents the percentage of the contribution of each study in the final result. The 
rhombus represents the pooled effect of the investigated factor, i.e.cough.  
 
 
By calculating the difference between the rates of cough on ACE-Is (13.5%) and on placebo (8.5%), 
divided by total rate of cough on ACE-Is, we determined the placebo-adjusted rate of cough on ACE-Is, 
which was 37% of 13.5% of all cough cases on ACE-Is. This indicates that 8.5% of cases on placebo are 
equivalent to 63% of 13.5% reported cases on ACE-Is, suggesting that 63% of all cough cases on ACE-Is 
were potentially not associated with these drugs, as this rate of cough is the same as on placebo, i.e. in 




Cough was reported as an AE in 15 studies and in 7 as a reason for withdrawal/discontinuation (Figure 7). 
Rate of cough reported as an AE on ACE-Is was 22.8% (3,790/16,629) and 16% (2,633/16,509) in 
patients on placebo. RR for cough defined as AE in patients on ACE-Is was 1.59 (95 CI: 1.36-1.85, 
p<0.0001) compared to placebo (Figure 7). Placebo-adjusted cough on ACE-Is defined as AE amounts 
30%, indicating that all cough cases on placebo are equivalent to 70% of all cough cases on ACE-Is.  
Rate of cough defined as a reason for withdrawal/discontinuation as reported in seven included studies, 
was on ACE-Is 3.8% (620/15,957) and 0.8% (136/15,959) on placebo. Thus, RR for cough defined as a 
reason for withdrawal in patients on ACE-Is was 4.50 (95% CI: 3.65-5.55, p<0.0001) compared to 
placebo. Placebo-adjusted rate of such defined cough amounts to 78%, indicating that all cough cases on 
placebo are equivalent to 22% of all cough cases on ACE-Is. 
Subgroup analysis revealed a significant interaction (p for interaction p<0.0001) regarding effect size of 
risk for cough between group where cough was reported as AE (RR 1.59) and group where cough was 
reported as a reason for withdrawal/discontinuation (RR 4.50) (Figure 7), due to substantial lower rate of 







Figure 6. Dot plot demonstrating placebo-adjusted cough on ACE-Is versus cough on ACE-Is 
equivalent to placebo in all patients and across different underlying conditions, i.e. with arterial 
hypertension, coronary disease and heart failure.   
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Cough in different patient populations 
We explored the risk of cough separately in different patient populations, i.e. patients with arterial 
hypertension, coronary disease and those with HF. In cohort of patients with arterial hypertension, cough 
has been reported in 123/4,359 (2.8%) patients on ACE-Is and in 18/4,277 (0.4%) patients on placebo. 
RR for cough on ACE-Is was 5.87 (95% CI: 3.5-9.85, p<0.0001) (Figure 8). Estimated placebo-adjusted 
rate of cough on ACE-Is with arterial hypertension as underlying disease was 85%, thereby reflecting that 
all cough cases on placebo are equivalent to 15% of cases on ACE-Is (Figure 6).       
In cohorts of patients with coronary disease as underlying disease cough on ACE-Is has been reported in 
2,775/22,840 (12.1%) and in 1,583/22,801 (6.9%) on placebo. RR for cough on ACE-Is compared with 
placebo was 2.30 (95% CI: 1.61-3.28, p<0.0001) (Figure 8). Calculated placebo-adjusted rate of cough on 
ACE-Is was 42%, indicating thus all cough cases on placebo are equivalent to 58% of cases on ACE-Is in 
patients with coronary disease (Figure 6).   
In cohort with HF as underlying disease cough has been documented in 1,512/5,387 (28%) patients on 
ACE-Is and in 1,168/5,390 (21.6%) on placebo. RR for cough on ACE-Is compared with placebo in this 
population was 1.38 (95% CI: 1.16-1.64, p=0.0004) (Figure 8). Estimated placebo-adjusted cough on 
ACE-Is was 29%, indicating that all cough cases on placebo are equivalent to 71% of cough cases on 
ACE-Is in patients with HF (Figure 6). 
There was a substantial heterogeneity regarding the risk of cough on ACE-Is across different underlying 
diseases, i.e. in patients with arterial hypertension, coronary disease and HF (I
2
=93.4%, p for interaction 















Rate of smoking, defined in the most trials as “current smoker”, was reported in 18 from 22 trials (Table 
1, Figure 9). The rates of so-called “ex-smokers” were underrepresented. The patients with HF had the 
highest average rate of smokers with 43% followed with 26% in patients with CAD while the patients 
with arterial hypertension had the lowest rate of smokers with 17% (Figure 9). There was a relevant 
statistical difference between the rates of smokers across the groups of patients with different underlying 
diseases (i.e. HF, CAD and arterial hypertension). 
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Figure 9. Comparison of reported rates of cough and current smokers (at baseline) in drug-treatment 
group across different underlying conditions, *- p<0.0001,  
**- reported rate of smokers from PHARAO trial was considered as implausible with 61% on ACE-I and 85% on 









4.2    Hyperkalemia on MRAs 
From the databases, 682 potentially appropriate trials were identified. After reviewing the titles and 
abstracts, 665 inappropriate trials were excluded. The primary reasons for exclusion were that MRA was 
not the objective or primary objective of investigation, lack of randomization or placebo-group, small 
number of analyzed patients and evaluation of the effect of MRA in other clinical settings we found 
inappropriate (i.e. patients with nephropathy). From remaining 17 full-text reviewed trials, 8 did not met 
the predefined inclusion criteria due to small number of patients (<100); in 1 trial, rate of hyperkalemia 
was not adequately reported; and in 1 trial, intervention with canrenone was used. Seven trials met the 
criteria for inclusion (EDELMANN et al., 2013; MONTALESCOT et al., 2014; PITT et al., 2014; PITT 
et al., 2003; PITT et al., 1999; UDELSON et al., 2010; ZANNAD et al., 2011) (Table 2). Study selection 
process is depicted in the flow diagram (Figure 10). A total of 16,065 individuals from 7 randomized, 
placebo-controlled trials entered the final analysis, of those 8,030 were on MRA and 8,035 on placebo. 
Baseline characteristics of the included studies are visualized in Table 2. In two studies were analyzed 
patients after myocardial infarction (n= 7,602), in three patients with chronic HF and reduced ejection 
fraction (n= 4,618), and in two patients suffering from HF with preserved ejection fraction (n= 3,845).  
The initial search for non-interventional registry studies identified 118 potential appropriate articles for 
inclusion in sensitivity analysis. Of those 78 articles were excluded after screening the titles and abstracts. 
From the remaining 40 articles, where complete full-text review were performed, 2 studies 
(HERNANDEZ et al., 2012; WANG et al., 2016) (Table 3 and 4) met the inclusion criteria whose data 

















Figure 10. PRISMA flow diagram showing the study selection strategy for trials with 
hyperkalemia on MRA   
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n = 511  
Full-text articles assessed 
for eligibility (n = 17) 
Records excluded (n = 665) 
Studies included in quantitative 
synthesis (meta-analysis)  
(n = 7) 
Small number of patients (n = 8), 
No data about hyperkalemia in both 
groups (n = 1), 
Intervention with canrenone (n = 1) 
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Table 2. Baseline characteristics of the studies included in the meta-analysis 
AMI, acute myocardial infarction; CV, cardiovascular; HF, heart failure; EF, ejection fraction; NYHA, New York Heart Association functional class; STEMI, 













AMI and left ventricular 




Hospitalization from CV 
cause 
5 16 
REMINDER Eplerenone Within 24h after STEMI ≥40% 994 




RALES Spironolactone HF, NYHA III-IV ≤35% 1,663 Mortality 5 24 
 
EMPHASIS-HF 
Eplerenone HF, NYHA II, >55y ≤35% 2,729 
CV Mortality/ 
Hospitalization due to HF 
5 21 
TOPCAT Spironolactone 
HF and preserved EF, NYHA II, 




Hospitalization due to HF 
5 39.6 
ALDO-DHF Spironolactone 
HF and preserved EF, NYHA 
II/III, >50y, diastolic dysfunction/ 
atrial fibrillation 
≥50% 400 
Improving of diastolic 
function 
5 12 











* duration in months 
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Follow 
up* 




>65y, STEMI/NSTEMI and HF 
signs or diabetes, without 












>65y, hospitalized for HR, without  









MRA not prescribed 
at discharge 
Hyperkalemia 






























All studies were evaluated as high-quality studies (Table 2). None of the studies were stopped earlier for 
benefit. Funnel plot with symmetric left-right distribution of plots and results of Egger’s regression 
asymmetry test (Egger statistic = -0.22, p=0.85) indicates no presence of publication bias (Figure 11).     
 













Hyperkalemia as an adverse event was predefined in most of the included trials as potassium values ≥ 
5.5mmol/l and in one trial ≥ 6mmol/l (UDELSON et al., 2010). Hyperkalemia has been reported in 
746/8,030 (9.3%) patients on MRA and in 345/8,035 (4.3%) patients on placebo (p<0.0001). The 
estimated RR for hyperkalemia on MRA was 2.17 (95% CI: 1.92-2.45, p<0.0001) (Figure 10). The 
determined RR was calculated using the fixed-effects model since there were no signs of substantial 
heterogeneity (Cochran Q p=0.07, I
2
=49%). Synthesis of the data regarding hyperkalemia using random-
effect model had the similar results with the RR of 2.16 (95% CI: 1.76-2.66, p<0.0001).   
 
 
Figure 10. Forest plot showing risk (RR) of hyperkalemia on MRA vs. placebo 
 
Pooled incidence rate ratio was 2.15 (95% CI: 1.88-2.44, p<0.0001), using fixed-effect (no heterogeneity 
p=0.09, I
2
=44.9%), indicating that different length of follow-up across the trials had no major impact on 
the final results.  
Since the data from the TOPCAT trial had the major impact on pooled RR (weight 45% using fixed-effect 
and 27% using random effect), we performed sensitivity analysis by excluding the data of this trial. The 
pooled RR computed in this way was 2.18 (95% CI: 1.63-2.91, p<0.0001).   
Pooled RR for hyperkalemia on MRAs obtained from the combined data from registries and clinical trials 




We determined the placebo-adjusted rate of hyperkalemia on MRA, by calculating the difference between 
the rates of hyperkalemia on MRA (9.3%) and on placebo (4.3%), divided by the rate of hyperkalemia on 
MRA. The placebo-adjusted rate on MRA shows that 54% of 9.3% reported hyperkalemia cases on MRA 
are indeed MRA-associated, while 46% of 9.3% reported hyperkalemia-cases on MRA might represent 




(Figure 13). This analysis was based on the assumption that incidence of hyperkalemia on placebo 
represents spontaneous hyperkalemia rate in this population. 
The rates of hyperkalemia were differentiated according to the use of spironolactone as a non-selective 
MRA and eplerenone as a selective MRA (Figure 14). In trials with spironolactone, hyperkalemia was 
reported in 482/2,748 (17.5%) on drug and in 207/2,760 (7.5%) on placebo. The RR for hyperkalemia on 
spironolactone vs. placebo was 2.34 (95% CI: 2.01-2.73, p<0.0001) (Figure 15). The placebo-adjusted 
rate on spironolactone was 57% of all reported hyperkalemia cases on this drug, suggesting that 43% of 
hyperkalemia cases reported on this drug were non-spironolactone related hyperkalemia (Figure 13). In 
trials with eplerenone, hyperkalemia occurred in 264/5,282 (5%) patients on eplerenone and in 138/5,275 
(2.6%) on placebo. The RR for hyperkalemia on eplerenone vs. placebo was 1.91 (95% CI: 1.56-2.34, 
p<0.0001) (Figure 15). The placebo-adjusted rate of hyperkalemia on eplerenone was 48% of 5% 






Figure 13. Dot plot demonstrating placebo-adjusted rate of hyperkalemia on MRA versus 
hyperkalemia equivalent to placebo in all patients and across selective/non-selective MRA, i.e. 
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Figure 14. Incidence rate of hyperkalemia with 95% confidence intervals  
 
 
Figure 15. Forest plot with estimated RR for hyperkalemia differentiated according to the 




4.3    Hypokalemia on MRAs 
Data about hypokalemia, which was predefined as potassium values <3.5mmol/l, has been reported in 5 
trials from 15,266 patients (Figure 16). Hypokalemia was reported in 712/7,648 (9.3%) patients on MRA 
and in 1,130/7,618 (14.8%) patients on placebo (p<0.0001). The RR for hypokalemia on MRA was 0.57 
(95% CI: 0.46-0.71, p<0.0001) (Figure 16). There was a substantial statistical heterogeneity across the 
trials (Cochran Q p=0.00009, I
2
=79%), so we used a random-effect model to pool the data. There were no 
signs for publication bias (Egger statistic =-3.36, p=0.09) (Figure 17). 
 













5   Discussion  
 
The key findings of this quantitative analysis based on a large number of data from controlled trials 
exploring cough on ACE-I treatment and hyperkalemia on MRA treatment were that about one third 
(37%) of all cough cases on ACE-I and about half (54%) of all hyperkalemia cases on MRA might be 
explained solely by the use of these drugs, i.e. are specifically related to the treatment with ACE-I and 
MRA, respectively. In turn, all cough cases on placebo were equivalent to about two thirds (63%) of all 
cough cases on ACE-I and all hyperkalemia cases on placebo were equivalent to about half (46%) of all 
hyperkalemia cases on MRA. Furthermore, treatment with MRA reduced the risk of hypokalemia, 
electrolyte imbalance which has been associated with increased mortality.   
These results provide new insights into dealing with the problem of these specific adverse events, which 
are recognized as the leading causes for withdrawal of these life-saving treatments in patients with 
cardiovascular diseases. They demonstrate physicians’ perception that side effects are ultimately owing to 
drugs, thereby dismissing other potential causes leading to interruption of treatment and underdiagnosing 
others underlying conditions. These new insights fill the gap concerning safety profile of drugs, by 
revealing the fact, that not all cough cases on ACE-Is and hyperkalemia on MRAs are necessarily caused 
by these drugs. In view of these novel findings, a comprehensive work up for other potential reasons for 











5.1    Cough on ACE-Is 
According to the results from our analysis the rate of cough on ACE-Is was 13.5% based on data from 
32,586 patients from randomized, clinical trials. There were variations in incidence of cough depending 
on the underlying conditions. In patients with arterial hypertension the incidence was 2.8%, in patients 
with coronary disease 12.1% and in patients with HF 28%. However, according to the same subgroup 
analysis estimated risk effects for cough were inversely proportional to the rates of cough across the 
subgroups being the highest in patients with arterial hypertension (RR of 5.87) and the lowest in patients 
with HF (RR of 1.38). There was a relevant heterogeneity concerning estimated risk for cough between 
these subgroups (p for interaction p=0.0004).  
According to the several postmarketing surveillance studies and studies based on the data from general 
population, rate of ACE-I associated cough was lower (1-4%), which is in distinction with our results 
(COOPER et al., 1987; HUCKELL et al., 1993; INMAN et al., 1988). Reasons for these different 
findings may be due to different study designs (postmarketing surveillance and general population studies 
vs. randomized controlled trials), different subpopulation (general population vs. patients with CVD), 
number of evaluated individuals and the most probably due to way how cough was ascertained 
(spontaneous, self-reported or based on systematic query).      
Furthermore, the rate of cough was 3.8% by accounting only the cases with cough reported as a reason for 
withdrawal/discontinuation, which is very similar to the real-world data published in the SPICE registry, 
where the incidence of cough reported as a reason for withdrawal in HF patients was 3.6% (BART et al., 
1999). Not every episode of cough should lead to ACE-I withdrawal. Lower rate of cough defined on this 
way justifies drug re-exposure with a work-up of underlying other potential causes. There was a relevant 
difference in estimated risk effect between subgroups where cough was defined as a reason for 
withdrawal (RR of 4.50) and as adverse effect (RR of 1.59), with p for interaction p<0.0001.  
The third issue to be appreciated beside underlying condition, and cough definition, is taking the rate of 
cough on placebo into consideration. Estimated placebo-adjusted rate of cough on ACE-I was 37%. 
Therefore, we could expect that these drugs are genuinly responsible for cough in every third case of 
cough on ACE-I. This rate varied substantially across different underlying conditions, showing the lowest 
rate in HF (29%), higher in coronary disease (42%) and the highest in patients with arterial hypertension 




Findings from our analysis that cough on ACE-I was more common in patients with HF than in patients 
with other underlying conditions are consistent with previous observations (RAVID et al., 1994). The fact 
that rates of cough in patients with HF on placebo was also relative high (21.6%) and that placebo-
adjusted rate on the drug was the lowest across all underlying conditions (Figure 6), indicates that HF 
patients are prone to develop cough irrespective of use of ACE-Is. There are some possible explanations 
for this observation. HF as a syndrome characterized by breathlessness as a result of reduced cardiac 
output and/or elevated intracardiac pressure leads to pulmonary congestion, which causes cough 
(PONIKOWSKI et al., 2016). Additionally these patients are more prone to develop pulmonary 
infections, which could be also manifested with cough either. Further, chronic obstructive pulmonary 
disease (COPD) is a common comorbidity present in up to 25% of patients with HF (MENTZ et al., 
2012). It is reasonable to assume that COPD with cough as one of its main symptoms/signs could 
contribute to some extent to prevalent and incident cough in HF patients. Data from the OPTIMIZE-HF 
registry with HF patients, with concomitant COPD, support these considerations. According to this 
registry, patients with HF and COPD were less likely to be on ACE-I than those without COPD, 
potentially reflecting a high cough incidence (MENTZ et al., 2012). Unfortunately COPD was 
underreported (only in one trial)(LÜDERS et al., 2008) among studies included in our analysis, thus 
disabling detailed exploration of this issue. Furthermore, the rate of smoking as a possible cause of COPD 
in these patients was higher in the subpopulation of patients with HF compared to patients with arterial 
hypertension and coronary disease (Table 1, Figure 9). Rate of smoking referred to as “current smokers” 
while the rate of so-called ex-smokers were underrepresented, depicted in only three trials. Higher rates of 
smokers in patients with HF might be associated with a higher burden with obstructive lung disease in 
these patients.      
Applying the results from our analysis that the placebo-adjusted rate of cough on ACE-Is is about 40%, 
into clinical practice would means in a hypothetical worst-case scenario that more than half 
(approximately 60%, Figure 6) of patients with CVD would not be on this life-saving and well proven 
treatment due to the misconception that ACE-Is are necessarily responsible for all cough cases in patients 
receiving this treatment. To define whether these drugs are really the cause of cough among affected 
individuals, ideally a re-challenge with the drug should be performed following cough resolution after 
drug discontinuation. In case cough reoccurs after re-challenge to the ACE-I would strongly suggest that 
ACE-I is actually the cause of cough. However, there are limited data addressing this concept. It has been 
shown that a re-challenge with lisinopril decreased the rate of cough by 30% in individuals with cough 
initially thought to be caused solely by lisinopril (LACOURCIERE et al., 1994). The occurrence of cough 




angiotensin receptor blockers (ARBs), based on findings that ARBs are equally effective but without 
increased rate of cough on ARBs. In patients with arterial hypertension this concept is equally 
recommended (LACOURCIERE et al., 1994; PASTER et al., 1998).  
Undertreatment with ACE-Is may be even more pronounced in patiens with coronary artery disease and 
with HF due the fact that rates of cough were higher but the placebo-adjusted rates were lower by 42% 
and 29%, respectively. Patients with HF who are treated with submaximal doses or those who withdraw 
eternally from RAAS inhibitors had poorer outcomes in comparison with those on maximum 
recommended doses (EPSTEIN et al., 2015). In addition, treatment of patients with coronary artery 
disease and HF with ACE-I in comparison with ARB has a much larger amount of evidence-based data 
regarding reduction of death, risk of hospitalization and prevention of HF. In the current guidelines for 
HF, ACE-Is (Class I, Level A) should be preferred over ARBs, which should be considered only in 
patients who are unable to tolerate ACE-I (Class I, Level B) (PONIKOWSKI et al., 2016).  
ACE-I related cough may occur shortly after initiation but its onset could occur also later after couple of 
months or even years after treatment with these drugs has been started (OVERLACK, 1996). Cough 
cessation triggered by ACE-I usually takes 1 to 4 weeks after the treatment with ACE-I has been stopped, 
but it can last up to 3 months (ISRAILI, HALL, 1992). Trials included in our analysis differed in their 
duration of follow-up, which may affect the final results concerning the rate of cough. We take this into 
consideration by computing the incidence rate ratio that exhibits risk of cough based on person-month 
data, which were calculated by multiplying the number of persons from each trial with the number of 
months of follow-up. Thus, we adjusted the different time of follow-up across the trials. This exploratory 
analysis showed almost the same results as the primary analysis did (IRR of 2.18 vs. RR of 2.19), 
pointing out that different length of follow-up had no major impacts on risk of cough.    
Although the rates of cough may differ across different ACE-Is cough represents an adverse event 
associated with ACE-Is as a class of drugs. According to one large meta-analysis the rate of cough was 
not affected after reducing the dose of ACE-I, indicating that this adverse event is not dose dependent 
(LAW et al., 2003). There were several approaches how to diminish the cough on ACE-I like with the use 
of baclofen (DICPINIGAITIS, 1996), cromolyn (ALLEN, GORA-HARPER, 1997), theophylline 
(CAZZOLA et al., 1993) and local anesthetics. However, in absence of strong evidence showing that 
these approaches are actually effective in cough supression associated with ACE-I they are abandoned 
and represent not the standard procedure how to deal with this problem. Once cough occurs believed to be 





5.2    Hyperkalemia on MRAs  
The most important findings from this analysis were that approximately an half of the all hyperkalemia 
cases in patients on MRA in controlled clinical trials were specifically related to MRA treatment, 
whereby the other half were MRA-unrelated. Results were very similar for both investigated substances 
spironolactone and eplerenone, applied in patients after myocardial infarction and with HF. In addition, 
treatment with MRA significantly reduced the occurrence of hypokalemia.    
As the activation of mineralocorticoid receptor located in the kidney stimulates excretion of potassium, an 
inactivation of potassium excretion through blockade of these receptors with MRA is associated with the 
risk of hyperkalemia. A publication of the RALES trial in 1999 establishing the MRA, as a cornerstone 
therapy in patients with HFrEF was linked with increased hospitalization and in-hospital mortality by 
hyperkalemia in the following years (JUURLINK et al., 2004). It has been assumed that widespread 
prescription of MRAs and its inappropriate use, with high doses, lack of consideration of renal function 
and concomitant treatments have increased the number of hyperkalemia cases (DEV et al., 2015). This 
observation raised concerns among physicians resulting in substantial underuse of these life-saving and 
protective drugs, which are according to the data from registries adequately applied in only 9-55% of 
eligible patients (HIRT et al., 2016; LOPEZ-DE-SA et al., 2011; RASSI et al., 2013). The risk of 
hyperkalemia (and the fear of it) has been recognized as the most relevant factor that prevents the 
implementation of the MRA in eligible patients (MAGGIONI et al., 2013). However, there are other 
reasons probably responsible for underuse. Shortage of time during hospital stay may act as a limiting 
factor for initiation and titration of several new guidelines recommended drugs in a safe manner, to avoid 
deterioration of renal function or drops in blood pressure. This is primarily related to patients with newly 
diagnosed HF, i.e. in therapy naive patients without ACE-Is/ARBs or ARNI and/or beta-blockers as basis 
therapy. Of note, most of the individuals included in this analysis were already on beta-blockers and 
ACE-I/ARB. Other reasons for underuse of MRA that need to be considered are lack of knowledge, 
presence of poly-pharmacy limiting the adherence to the therapy, high price (eplerenone), or worry 
concerning capabilities of appropriate biochemical monitoring after hospital discharge (CHIN et al., 
2016).  
We demonstrated that the placebo-adjusted rate of hyperkalemia on MRA is 54% of all patients who 
developed hyperkalemia on the MRA-treatment in clinical trials. In a hypothetical worst-case scenario 
that means discontinuation of this drug from all hyperkalemia cases, about half (46%) of patients with 




due to erroneous notion that all cases of hyperkalemia on MRA are mandatory generated by the use of 
MRA. Considering that a relative high number of patients on placebo (4.3%) had hyperkalemia in relation 
to hyperkalemia-cases on MRA (9.3%), highlights the role of some other risk factors in facilitating 
hyperkalemia in this population of patients irrespective of the use of MRA. High comorbidity load in 
these patients like diabetes mellitus and/or chronic kidney disease, representing itself risk factors for 
hyperkalemia (PALMER, 2004), may be responsible for this electrolyte disturbance in absence of the 
MRAs. Furthermore, a post hoc analysis of the RALES trial shows that positive effect of spironolactone 
in term of mortality reduction is persistent even in presence of moderate (>5.5mmol/l) hyperkalemia, 
stressing that although MRA represent a risk factor for hyperkalemia, it also appears to protect from death 
in comparison with patients with similar level of potassium in the absence of MRAs (VARDENY et al., 
2014).                          
Trials included in our analysis differed in their duration of follow-up, which might affect the final results. 
We addressed this question by performing an additional exploratory analysis by computing the incidence 
rate ratio, an estimate that exhibits risk of hyperkalemia based on person-month data, thus, accurate for 
exposure time, which was calculated by multiplying the number of persons from each trial with the 
number of months of follow-up. In this way, we adjusted different time of follow-up across the included 
trials. According to this exploratory analysis different duration of follow-up had no major impact on the 
final results, as the results were very similar to results from primary analysis (IRR of 2.15 vs. RR of 
2.17). According to data from included trials hyperkalemia usually occurs within first month after drug 
initiation (PITT et al., 2014; PITT et al., 2003; ZANNAD et al., 2011). This critical period of time has 
also been acknowledged by the guidelines of European Society of Cardiology who recommended close 
potassium monitoring on the regular basis 1 and 4 weeks after introduction of the drug and/or increasing 
the dose of the drug. In case there is no sign of hyperkalemia, controls should be carried out less 
frequently once monthly until 3 months after MRA initiation, and thereafter every 3 months until one year 
after MRA initiation. Although these practical guidance, which are easy to follow, should help in 
minimizing the risk to miss the rise of potassium values there are many evidence from clinical practice 
which shows an inadequate potassium monitoring, thus, putting the patients at increased risk for 
hyperkalemia associated mortality and morbidity (COOPER et al., 2015; SHAH et al., 2005). This could 
be managed by establishing the quality improvement programmes which should improve laboratory 
potassium controls after MRA initiation, especially in high risk patients, i.e. with impaired renal function 
and patients with diabetes mellitus.  
As the data from TOPCAT trial had numerically the great impact on final results of our analysis and 




included in this study (PFEFFER et al., 2015; ROSSIGNOL, ZANNAD, 2015), we conducted a 
sensitivity analysis by excluding the data from this trial. The results were similar to the results of primary 
analysis, reflecting consistency of hyperkalemia rates across the included trials. 
Incidence rate of hyperkalemia on MRA in our analysis was 9.3% which reflected the rate of 
hyperkalemia in patients from controlled clinical trials. However, in the real-world setting the rate of 
hyperkalemia could be much higher up to 50% (PALMER, 2004), particularly when these medications 
are used in unselected patient population. We performed an additional analysis incorporating the data 
from two registries. This additional analysis showed similar results with primary analysis (RR of 2.09 vs. 
RR of 2.17). Of note, the rates of hyperkalemia in both registries were relatively low because 
hyperkalemia was defined as a reason for hospitalization, possibly reflecting serious hyperkalemia, only. 
Incident hyperkalemia was more frequent on spironolactone (17.5%) in comparison with eplerenone 
(5%), whereas corresponding placebo population in trials with spironolactone (7.5%) also had higher rate 
of hyperkalemia compared with trials with eplerenone (2.5%) (Figure 14) However, this level of data is 
not appropriate to allow a valid comparison of these two drugs, as the patients were not directly 
randomized to spironolactone or eplerenone, despite the fact that these two group of patients (on 
spironolactone and on eplerenone) were in many clinical aspects very different.  
Reported difference in incidence rate of hyperkalemia between these two drugs might be explained due to 
more patients with more severe HF based on higher proportion of patients with NYHA functional class III 
and IV, higher use of diuretics and a lower average glomerular filtration rate in trials with spironolactone 
(RALES) (PITT et al., 2014; VARDENY et al., 2014) compared with trials with eplerenone 
(EMPHASIS-HF, EPHESUS) (PITT et al., 2003; ZANNAD et al., 2011). Differences might reflect a 
higher proportion of patients with cardiorenal syndroms with more severe kidney dysfunction in patients 
on spironolactone, thus facilitating development of hyperkalemia on MRA. The longer half-life of active 
metabolites of spironolactone and its higher binding capacity for mineralocorticoid receptor compared 
with eplerenone might also play a role (MULDOWNEY et al., 2009; SICA, 2005). The average dose of 
spironolactone was slightly higher than equivalent dose, of eplerenone. In summary, according to the 
available data from our analysis no conclusion could be made concerning question which drug is 
associated with higher risk of hyperkalemia, as these two drugs were not directly compared. 
In case of hyperkalemia occurrence during treatment with MRA, differential causes should be 
comprehensively considered before MRA discontinuation. The first step in evaluation of hyperkalemia 
should be excluding the presence of pseudohyperkalemia, i.e. increased serum potassium concentration 




Hyperkalemia may occur as a result of increased potassium intake, potassium shift from intra- to 
extracellular space, decreased potassium excretion or combination of these factors. Ingestion of food, rich 
in potassium, like certain fruits (bananas, kiwis, citrus fruits, melons, mangos, dried fruits, strawberries), 
vegetables (avocado, tomato, beans, carrots, broccoli) or salt substitutes (where is Na-chloride substitute 
with K-chloride) may be the cause for potassium imbalance (LLUBANI et al., 2018). However, increased 
potassium intake may cause hyperkalemia in case renal potassium excretion is impaired (ROSANO et al., 
2018). Potassium shift from intracellular to extracellular fluid due to abnormal potassium release may 
occur due to metabolic acidosis, trauma, use of digoxin and strenuous exercise (DUNN et al., 2015). 
Under normal conditions the kidneys are responsible for 90-95% of potassium elimination from the body 
and for the rest 5-10% the gastrointestinal system, precisely the colon. According to the post-hoc analyses 
of RALES, EPHESUS and EMPHASIS-HF trials a lower baseline GFR, history of diabetes and high 
baseline potassium values were independent predictors of hyperkalemia (PITT et al., 2008; ROSSIGNOL 
et al., 2014; VARDENY et al., 2014). Because potassium elimination is mainly regulated by the kidneys 
any drug or condition that impairs kidney function may indirectly facilitate hyperkalemia. Therefore, 
renal function should be carefully estimated for the presence of acute renal failure or deterioration of 
chronic kidney dysfunction in every patient on MRA. Parameters like kreatinin, urea, GFR, urine output 
should be checked. Further, signs of volume overload like leg edema, pulmonary crackles, dilated neck 
veins, increase in body weight and/or determination of natriuretic peptides which might indicate cardiac 
decompensation should be evaluated. In turn, presence of volume depletion by history of excessive 
vomiting, prolonged diarrhea, overtreatment with diuretics or in case of severe infection should also be 
checked. After evaluation of the renal function a critical review of the patients’ co-medication is needed 
in order to rule out the use of drugs which impaire renal function like nonsteroidal anti-inflammatory 
drugs, cyclosporine, tacrolimus, some antibiotics (aminoglykoside, vancomycin, trimetoprim-
cotrimoxazol) and use of potassium-sparing diuretics such as amilorid and triamterene or intake of 
potassium supplements. Furthermore, conditions associated with impaired renal function like diabetes and 
advanced age are also recognized as risk factors for hyperkalemia (PALMER, 2004). Triple therapy with 
MRA, ACE-I and ARB in patients with HF is strongly discouraged due to substantial higher risk for 
hyperkalemia (recommendation class III, level of evidence A) (PONIKOWSKI et al., 2016). Conversely, 
the addition of MRA is recommended for all patients with HF already on beta-blockers and ACE-I (ARB 
in ACE-I intolerant patients) or ARNI (recommendation class I, level of evidence A).  
Results from a large individual patient-level meta-analysis which analyzed data from 1 217 986 
participants from 27 international cohorts (10 from general population, 7 with high cardiovascular risk 




factor for hyperkalemia (KOVESDY et al., 2018). In line with this and similar earlier observations that 
decreased renal function is associated with the increased risk for hyperkalemia, many physicians 
hesitatate to introduce RAASi including MRA in patients with cardiovascular disease and concomitant 
mild or moderate renal insufficiency. One another large meta-analysis addressed the question whether 
worsening renal function (defined as 20-30% decrease from baseline value) after initiation of these drugs 
might predict worse outcome in these patients or just reflects the pharmacological effect of these drugs 
(CLARK et al., 2014). This meta-analysis combined data from five large randomized placebo controlled 
trials SAVE, SOLVD, RALES, EPHESUS and Val-HeFT. It has been shown that worsening renal 
function is associated with higher mortality. However, treatment with RAASi reduced all cause mortality 
significantly more in patients with worsening renal function in comparison with those without worsening 
renal function. The authors concluded that physicians should not be detered to use the RAASi in eligible 
patients in the setting of worsening renal function.  
If potassium values rises over 5.5 mmol/L or estimated GFR declines to <30mL/min per 1.73m
2
, the dose 
of MRA should be halved, and in case potassium values rise over 6 mmol/L or estimated GFR drops <20 
ml/min per 1.73m
2
, MRA should be temporarily stopped. Normalization of the potassium values after 
cessation or reduction of the MRA would be the confirmation that MRA could have contribute to 
hyperkalemia. However, among included trials in our analysis these data were not captured and therefore 
could not be analyzed in this analysis.    
It has been observed that patients with diabetes mellitus have increased risk to develop hyperkalemia in 
comparison with general population, thus showing that diabetes mellitus represents a risk factor for 
occurrence of hyperkalemia (PALMER, 2004). Genesis of hyperkalemia in diabetic patients often 
represents a combination of multiple risk factors like lack of insulin or insulin resistance, diabetic 
nephropathy causing decreased glomerular filtration of potassium and potassium shift from intra- to 
extracellular space due to diabetic ketoacidosis. However, the most important mechanism for chronic 
hyperkalemia in these patients is the syndrome of hyporeninemic hypoaldosteronism, where the reduced 
renin release results in decline of aldosterone production. This syndrome is more common in patients with 
mild to moderate impaired renal function caused by diabetic nephropathy and chronic interstitial nephritis 
(SOUSA et al., 2016). 
There are several therapeutic measures which could be undertaken to decrease the level of potassium, 
thereby preventing deleterious rhythm disorders. It should be distinguished between measures in acute 
and chronic settings. In acute settings intravenous infusion of calcium carbonate could be administered in 




and/or beta adrenoceptor agonists (salbutamol inhalation or infusion) and/or sodium bicarbonate to 
stimulate potassium transfer into the cells (ROSANO et al., 2018). As the later measures promote 
potassium redistribution into the cells without affecting on potassium excretion and total amount of 
potassium in the body, they are suitable for rapid decrease of potassium values. However, these measures 
exhibit only temporary benefit as in the most cases after a few hours rebound effect with rise of potassium 
values may occur, where potassium level could reach the baseline values. Therefore other measures that 
stimulate potassium excretion out of the body like loop diuretics, sodium infusion and even dialysis as 
ultima ratio should be strongly considered. Furthermore, potassium binders which are primarily intended 
for treatment of chronic hyperkalemia and for long-term use should be administered in parallel with other 
measures in acute settings as add-on treatment. Since the sodium polystyrene sulphonate (SPS), the first 
potassium binder which was approved from the Food and Drug Administration (FDA) in the 1958 
(STERNS et al., 2010), has been associated with colonic necrosis, volume overload and hypernatremia 
making it especially inappropriate in patients with HF and arterial hypertension, there was an unmet need 
for the new potassium binders that would have a better safety profile (ROSANO et al., 2018). 
Furthermore, SPS has never been investigated for efficacy and safety in a placebo-controlled clinical trial 
for hyperkalemia treatment (STERNS et al., 2010). Meanwhile there are two novel potassium binders 
patiromer (PITT et al., 2011; WEIR et al., 2015) and sodium zirconium cyclosilicate (ZS-9) (PACKHAM 
et al., 2015), which showed its efficacy in treatment of acute hyperkalemia, maintaining normokalemia 
and preventing of new hyperkalemia in high risk patients associated with good safety profile in 
randomized, placebo-controlled clinical trials. Both substances act predominantly in the colon by 
increasing faecal excretion of potassium. Patiromer uses calcium as the counter-exchange ion while ZS-9 
uses sodium as a counter ion. Of note, the colonic excretion could increase in case of reduced renal 
function. In patients with end-stage kidney disease colonic excretion may be up to threefold higher in 
comparison with patients with normal renal function (ROSANO et al., 2018). This indicates that the colon 
have an important role in regulation of potassium homeostasis as compensatory mechanism when renal 
excretion of potassium is reduced. Use of novel potassium binding agents allows optimal use of life-
saving drugs like RAASi/MRA in patients who are at the same time at risk to develop hyperkalemia and 
who would have the most benefit of this therapy.  
Besides spironolactone and eplerenone, a novel non-steroidal MRA of a third generation with greater 
selectivity than spironolactone and binding affinity than eplerenone to mineralocorticoid receptor has 
been developed. In comparison with spironolactone in patients with HFrEF and moderate CKD use of 
finerenone shows comparable efficacy concerning decreasing N-terminal pro-B-type natriuretic peptide 




rate of hyperkalemia (5.3% vs 12.7%, p=0.048) and worsening renal function (PITT et al., 2013). In 
another trial efficacy and safety of finerenone was compared with eplerenone in patients who were 
hospitalized due to worsening of chronic HFrEF. Treatment with finerenone was associated with 30% 
reduction of NT-proBNP levels and lower rate of all cause mortality and cardiovascular hospitalizations 
in comparison with eplerenone (FILIPPATOS et al., 2016). Based on these promising results finerenone 
might represent a valuable alternative to spironolactone and eplerenone in the future in patients at higher 















5.3    Hypokalemia on MRAs  
In the past decade hyperkalemia has been highlighted as a relevant comorbidity in patients with HF, 
thereby being in the focus of scientific community as relevant potassium disorder which can adversely 
affect patient outcome both through rhythm disorders and through preventing them from being treated 
with these life-saving drugs. However, in many studies where has been shown that hyperkalemia had 
negative impact on patients outcome the curve which visualize the ratio between potassium levels and 
mortality has been nonlinear U-shaped, meaning that potassium abnormalities beyond the range of normal 
values in both directions (i.e. <3.5 and >5mmol/l) are associated with poor outcome. Hypokalemia 
increased mortality in patients with arterial hypertension (KROGAGER et al., 2017), patients with acute 
heart failure following myocardial infarction treated with diuretics (KROGAGER et al., 2015) and with 
chronic HF (ALDAHL et al., 2017). According to the data from our analysis hypokalemia could be 
expected in every sixth patient with HF as the rate of hypokalemia in patients on placebo was almost 
15%. Our data are similar with previous findings where the rate of hypokalemia among hospitalized 
patients could be up to 20%, in outpatient settings 2-3% (VIERA, WOUK, 2015). Individuals taking 
diuretics exhibit even higher risk, where 56% of individuals are likely to develop hypokalemia (PEPIN, 
SHIELDS, 2012). The hypokalemia in these patients is mostly secondary due to effect of loop diuretics 
administered in almost every HF patient as symptomatic therapy to reduce dyspnea and to avoid volume 
overload. Increased sodium delivery following administration of diuretics to the distal segment of distal 
tubule stimulate aldosterone-sensitive sodium pump to increase sodium reabsorption in exchange for 
potassium, thus resulting in the loss of potassium by urine. Use of MRA may inhibit this reabsorption by 
blocking the aldosterone-sensitive sodium pump. According to our results use of MRA shows relative risk 
reduction of 42% in comparison with patients on placebo. Preventing hypokalemia and with its associated 
rhythm disorders might in part be responsible for reduction of mortality in these patients. This hypothesis 
is supported with the results of one individual patient-level meta-analysis where it has been showed that 
treatment with MRA is associated with reduction of sudden cardiac death (ROSSELLO et al., 2018). 
Furthermore, correction of hypokalemia and potassium normalization has been associated with lowering 
of mortality risk (NUNEZ et al., 2018). This stresses how important it is to avoid and to treat 
hypokalemia.  





6   LIMITATIONS  
6.1    Analysis for cough on ACE-Is 
Although this analysis explored the rate of cough on large number of patients from high quality trials, 
thus, presenting scientific facts important for daily clinical decision making, several limitations need to be 
mentioned. This analysis represents post-hoc meta-analyses of controlled clinical trials based on the data 
reported in the original publications. It needs to be appreciated that underreporting of comorbidities 
disabled us to identify the combined causes of cough related or not related to ACE-Is. Also the 
underreporting of cough that may have led to drug discontinuation during the run-in period in both groups 
may have influenced the results. Additionally, the results from this analysis are confined to population of 
patients included in these trials which may differ from those patients in daily clinical practice. Cough 
cessation after discontinuation of the ACE-I would show that cough was secondary caused by ACE-I. 
However, these data were not reported in the publications, thus, preventing further investigation regarding 
this issue. Furthermore, a re-challenge seems to be mandatory before patients are permanently kept off 
ACE-Is. Presence of asymmetry in distribution of plots visualized by funnel plot indicates presence of 
publication bias (small study effect). During the search, nine eligible trials were identified without 
adequately reported data concerning cough and therefore were not included. This could in some part 
explain the presence of publication bias. In addition, the substantial between-study heterogeneity 
(I
2
=91.2%) might influenced the results of detection bias tests. Due to paucity of the data concerning 
details about cough events it was not possible to judge about the specific causes of cough and their 
relation to ACE-I treatment. In none of the included trials was not reported information on re-exposure to 








6.2    Analysis of hyperkalemia on MRAs 
The presented analysis is one post-hoc meta-analysis of randomized, controlled clinical trials based on the 
data and numbers reported in original publications. Therefore, the level of available data was not 
sufficient to further specify combined causes of hyperkalemia related to and not related to MRAs. Of 
note, underreporting of comedication, comorbidities and/or appropriate NYHA class of patients with HF 
might disable further exploration of the results. In particular, different stages of renal failure could 
predispose a higher risk of hyperkalemia regardless of treatment with MRAs. In most of the included 
trials (EDELMANN et al., 2013; PITT et al., 2014; PITT et al., 2003; UDELSON et al., 2010; 
VARDENY et al., 2014; ZANNAD et al., 2011) advanced chronic kidney disease (GFR < 30 ml/min per 
1.73m
2
) and potassium values > 5 mmol/l were exclusion criteria. The effect of MRA cessation on 
hyperkalemia and its potential resolution could not be evaluated, as these data were not reported in none 
of the included study. At the end, the presented results are confined to individuals from included trials 












7   Conclusion  
In summary, in contrast to the general perception of many physicians, results from this meta-analysis 
show the facts regarding cough on ACE-Is and hyperkalemia on MRAs in randomized clinical trials from 
one another perspective by taking the rates of cases with adverse events on placebo into consideration. 
Demonstrating that more than half of cough events (63%) on ACE-Is and almost half of hyperkalemia 
events (46%) on MRAs in patients with cardiovascular disease are equivalent to cough and hyperkalemia 
cases on placebo, respectively, strongly suggest that other causes for cough than the ACE-I treatment and 
for hyperkalemia MRA treatment have to be considered and ruled out before cessation of treatment with 
these protective drugs. In addition, treatment with MRA in patients with CVD significantly prevents 
hypokalemia, a highly prevalent and hazardous electrolyte disorder in these patients.    
With no intention to downplay the risk of ACE-I-related cough and MRA-related hyperkalemia, it is 
clinically of huge importance to rule out other causes of these adverse events before cessation of the 
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